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Abstract: One of humanity’s most significant challenges in the process of attaining the established
sustainability goals is balancing the growing human demand for food and the need to conserve
biodiversity. This challenge requires appropriate land uses that are able to conserve biodiversity while
ensuring ample food supply. This study compares bird species diversity and abundance in areas
undergoing land sharing and land sparing in northeastern Bangladesh (West Bhanugach Reserved
Forest). Birds serve as useful biologic indicators because of their presence within different trophic
levels and their well-studied ecology. To survey birds, we selected a total of 66 sampling sites within
land-sharing (33) and land-sparing (33) land-use areas. Between May and June 2017, we observed
and recorded bird calls within a 50-m radius around each sampling site. We counted 541 individuals
from 46 species of birds. The Shannon bird diversity was higher in the land-sparing sites (1.52) than
in the land-sharing sites (1.23). We found approximately 30% more bird species (39 vs. 30) and
40% more individuals (318 vs. 223) in the land-sparing areas than land-sharing areas. Three bird
species, Arachnothera longirostra, Micropternus brachyurus and Copsychus malabaricus, were significantly
associated with the land-sparing sites. This study shows that land sharing negatively affects bird
diversity, richness and abundance compared to land-sparing. The use of chemical fertilizers and the
lack of food, such as insects, for birds can explain the lower diversity, richness and abundance of birds
in the land-sharing areas. Although land sharing is an effective means of producing food, land sparing
is the most effective land-use practice for preserving bird diversity in northeastern Bangladesh.
Keywords: agriculture; biodiversity; conservation; habitat loss; forestry; land sharing; land use;
sustainability; wildlife
1. Introduction
Rapid growth in the human population (reached 7.8 billion in 2020) and associated intensive
exploitation of land and resources has resulted in the degradation of ecosystems [1], which consequently
affecting biodiversity [2]. Technological advances allow a more rapid and larger-scale exploitation of
ecosystems than traditional methods. The concept of sustainability has emerged, the goal of which is to
achieve a balance between resource exploitation and ecosystem conservation [3]. Biodiversity provides
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essential ecological services for the survival and functioning of human societies, including the production
of food, fiber and fuel [4]. Over the last century, however, global biodiversity has rapidly declined, mainly
due to the loss of natural habitats [5,6]. Conserving biodiversity while securing food for everyone on
Earth therefore represents an enormous and vital challenge for ensuring sustainability [7].
In addition to the increased demand for land, government policies and decisions related to land-use
planning greatly affect biodiversity conservation [8]. Agricultural needs for maximizing food production
must be balanced with conservation objectives that strive to preserve biologic diversity [9,10]. A solution
to this conundrum has been the creation of two common land-use alternatives: land sharing and land
sparing [11]. Land sharing (or wildlife-friendly farming systems) integrates both biodiversity conservation
and food production objectives [12]. Land sparing focuses on maximizing yields on existing farmlands
while establishing protected areas dedicated to biodiversity conservation [5,13]. The land-use choice
depends on the regional socioeconomic conditions and biodiversity, among many other factors [14].
The effect of land sharing/sparing on biodiversity is highly context and scale-dependent, and the
related effects on biodiversity are often contradictory [15]. Two studies reported that land sharing
successfully maintained higher plant diversity on farmland in Indonesia [16] and bird diversity in
Argentina [17] compared to land sparing. In contrast, land sharing in some countries has failed to
sustain biodiversity. Land-sharing practices have negatively affected trees and birds in India [13],
birds in Ghana [18], Uganda [19], Uruguay [20] and Colombia [21], as well as birds, dung beetles and
ants in Brunei [22]. Given the great diversity of land-use practices across and between territories, it is
important to conduct regional studies to determine appropriate land-use practices for specific areas.
This study focuses on northeastern Bangladesh—a country with the 10th-highest population
density in the world (1265 inhabitants/km2) [23,24]. By the year 2050, the population of Bangladesh
is projected to reach approximately 200 million [25], which will result in a higher demand for food,
reduce the revenue from foreign exports and increase dependency on foreign imports. Bangladesh
also has some of the highest rates of biologic diversity on the planet [26]. The country is situated in
the Indo-Burma region and is recognized as a global biodiversity hotspot; furthermore, it harbors
more than 7000 endemic plant species [27]. The country also has unique ecosystems, such as the
world’s largest continuous mangrove forest in southwestern Bangladesh, a large tract of evergreen
to semi-evergreen hill forests in eastern Bangladesh and numerous wetlands and rainforests in the
northeastern part of the country [28]. The combination of a highly dense human population and rich
biodiversity makes the challenge of producing food while preserving biodiversity particularly crucial
in Bangladesh; the region therefore represents an interesting study area for the evaluation of the effect
of land-use practices on biologic diversity.
Future sustainable land-use policies in Bangladesh will be even more critical, as the country is extremely
vulnerable to climate change [29]. Climate change will heighten risks from floods, insect outbreaks, wildfires,
windthrows, droughts, hailstorms, salinity intrusions and sea-level rise [30–34]. These factors will affect
agricultural production and ecosystems in Bangladesh [23,35]. Although Bangladesh has achieved
self-sufficiency in rice production through intensive farming [36], the adverse effects of climate change
and population growth will threaten food security. Therefore, crop productivity must be increased to
ensure food security for the expected population without increasing the extent of cultivated land.
Ecosystems are vulnerable to climate change, and the state of tropical forest in Bangladesh is likely
to worsen due to the effect of this changing climate [37,38]. Biodiversity will therefore be negatively
affected by increased temperatures and precipitation, increased groundwater salinity due to rising
sea level and extreme weather events [29]. Thus, to ensure an adequate food supply and maintain
biodiversity in the context of climate change, establishing long-term land-use plans and policies is
essential [5,8]. Therefore, it is necessary to understand the effects of land use on biodiversity, and useful
ecological indicators must be developed.
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Birds commonly serve as biologic indicators because of their well-studied ecology [39], the clear
links between their behavior and ecosystem type [40,41], their presence and abundance within different
trophic levels in the food chain of a forest ecosystem and their easy identification. As birds feed on
insects, invertebrates, small vertebrates, nectar, fruits or seeds, land-use practices seriously affect their
diversity and conservation status [11,42]. Many studies have thus evaluated land-use strategies using
birds as biologic indicators [11–13,19].
Here, we studied birds as indicators for assessing the effect of land use on biodiversity conservation
in northeastern Bangladesh. Our main objective was to assess the abundance, species richness and
diversity of bird species within two types of land use: land sharing and land sparing. Based on
previous studies in similar habitats, we expected to observe a negative effect of land sharing on birds
in this region of Bangladesh [11]. The diversity of most wild species is negatively affected when their
habitats are converted to land-sharing land use [43]. Therefore, we hypothesized that land-sparing
areas would have higher a bird abundance, species richness and diversity compared with land-sharing
locations [11,43].
2. Materials and Methods
2.1. Study Area
This study was conducted in the West Bhanugach Reserved Forest, northeastern Bangladesh
(24◦19′11” N, 91◦47′1” E). Apart from having anthropogenic land use in the buffer zone, the 2740 ha forest
reserve contains two major land-use systems: land sharing and land sparing. The section of this forest
having a high conservation value is designated as the core zone (land sparing) and has an area of 1250 ha.
This core is surrounded by a 5-km-wide buffer zone (land sharing) where traditional agroforestry land
use is practiced following the traditional methods of the neighboring villages [27]. This buffer zone is
itself surrounded by various land uses, including agricultural lands, human settlements, roads and rail
lines, all of which alter the existing habitat and wildlife [44]. The southeastern, southern and eastern
parts of the core are bounded by agricultural lands, including tea gardens, rubber plantations, pineapple
groves and lemon gardens. We identified a portion of this boundary area as representing land-sharing
land use. Few trails and tracks are found within the forest; the existing paths were created by the local
people for collecting firewood from the forest [45].
The West Bhanugach Reserved Forest is classified as subtropical rain forest and has a semi-evergreen
forest composition [46]. The forest originally supported a native foliage cover of mixed tropical evergreen
forest, [47], but this cover has been transformed into a secondary forest. The interior of this forest has
a maximum average daily temperature of 27 ◦C (June to September) and a minimum average daily
temperature of 16 ◦C (January). The average rainfall is approximately 3000 mm; most rain falls in the
rainy season from June to September [44]. Relative humidity is high (74%) throughout the year, and this
forest experiences frequent rains and occasional cyclonic storms [48]. The soils of the West Bhanugach
Reserved Forest are generally a brown, sandy clay loam [49]. Abundant streams flow through the forest.
The forest composition of the West Bhanugach Reserved Forest is mixed, with an average tree
density of 528.5 trees·ha−1 [50]. The forest land, considered as land sparing in this study, consists of a
wide area of mixed and monospecific plantations; however, it is rare to find monospecific plantations
inside land sparing because of natural succession. Mixed plantations include native plantations, such
as chaplash (Artocarpus chaplasha), white thingan (Hopea odorata), toon (Toona ciliata), gamhar (Gmelina
arborea), mahogany (Chikrassia tabularis), woolly cassia (Cassia hirsuta), silk cotton tree (Bombax ceiba)
and Burma ironwood (Xylia dolabriformis) [51,52]. The monospecific and exotic [53] plantations are
mainly ear-leaf acacia (Acacia auriculiformis), teak (Tectona grandis), mangium (Acacia mangium) and
eucalyptus (Eucalyptus spp.). A large amount of invasive fast-growing acacia has been planted in the
area to quickly recover areas of degraded forest. The tree composition density in land sharing is less
than in land sparing because of farming practices and resource extraction by local people (Figure 1).
Vegetation in the land-sharing areas is quite different and includes tree species, such as areca palm
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(Areca catechu), agarwood (Aquilaria agallocha), jackfruit (Artocarpus heterophyllus), neem (Azadirachta
indica), Burmese grape (Baccaurea ramiflora), eucalyptus (Eucalyptus spp.) and arjun (Terminalia arjuna),
along with agricultural crops, including taro (Colocasia esculenta), rattan palm (Demonorops jenkensiana),
pineapple (Ananas sativus), tea (Camellia sinensis), lemon (Citrus limon) and Indian timber bamboo
(Bambusa tulda).
The forest contains approximately 167 plant, 16 amphibian, 30 reptile, 246 bird and 20 mammal
species [54–56]. This forest provides the habitat for some endangered wildlife, including the hoolock
gibbon (Hoolock hoolock), Indian pangolin (Manis crassicaudata), Phayre’s leaf monkey (Trachypithecus
phayrei), Red-Breasted Parakeet (Psittacula alexandri) and elongated tortoise (Indotestudo elongata) [57].
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. t e (A) regional landscape and (B) a within-forest water t ail in the land-sparing
area. A lemon and ban a plantation with (C) native forest trees and a tea gard n with (D) s ade trees,
both located in the l n -sharing areas.
2.2. Experimental Design
e selected 33 sampling sites (Figure 2) for each land-use type. We determined the optimal number
of sampling sites using species-area accumulation curves—the total number of identified species in
relat on to the number of sites (Figur 3). Aft r setting the i itial samp ing site, we selected th other
sit s systematically. All sampling sites were inside the boundary of the West Bhanugach Reserved Forest
excluding agricultural land and and sparing sites were i side the nearby national park (Lawachara
N tional P rk). Each sampling site was at least 250 m apart from each other in all directions. With at
least 250 m between each adjacent sampling sites. For each site, we established a 50-m radius zone
around the center, which we consider as the approximate distance within which bird calls can be
recorded and be associated with the sampling site.
We used the point count method. Advantages of the point count approach included the observers
being able to focus fully on observing birds without having to watch where they walk and the observers
having more time to identify contacts. The point sampling method also provided a greater likelihood
of detecting cryptic and skulking species and facilitated relating a bird occurrence to specific habitat
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features. Covering the total forest area with 66 plots of 50 m radius each (33 sites × 2 types × 50 m
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Figure 2. (a) Sampling sites in the West Bhanugach Reserved Forest; (b) location of the study area
in Bangladesh.
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Figure 3. Accumulative richness of bird species for land-sharing and land-sparing land use in relation to
an increasing number of sampling sites. Pink- and blue-shaded polygons indicate the 95% confidence
intervals of the ac umulative species richness for the land-sharing and land-sparing land uses, respectively.
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2.3. Bird Identification and Counting
An exploratory survey identified that bird activity was very high after sunrise and before sunset.
Therefore, we began data collection at 6 a.m., about 30 min after sunrise and continued until 9 a.m. when
bird activity normally declined [58]. We surveyed again before dusk, between 1:30 p.m. and 6:30 p.m.
Moreover, we kept the peak time for bird availability the same for both land-use types. During this bird
survey, we counted and identified each individual visually and/or aurally. Our bird survey ran from
9 May 2017 to 8 June 2017 for four consecutive weeks. To ensure a high number of visited sites, each
sampling site was surveyed once during this period. It should be noted, however, that birds were usually
very vocal and active during the dawn survey period and that this study only focuses on diurnal species
that we can either see or hear.
We recorded calls using a Zoom IQ7 audio recorder (Zoom North America, New York, USA) on
an iPhone for four minutes to reduce the bias between the two sites having different canopy coverage
and visibility [59]. Any bird spotted within the 50-m radius was identified and noted regardless of its
activity (flying over, singing, feeding or nesting). The bird-call recordings were used for cross-checking
and detecting further species. To identify the bird call, we relied on reference bird-call libraries such as
xeno-canto and the Macaulay Library [60]. We were able to identify almost all of the individuals on the
basis of their calls. To limit any bias from undetected birds, we also cross-checked the recording of
several bird identifiers (n = 44), and we did not record birds already included at previous sampling
sites to eliminate double counting. We also used an equal number of sites for each land-use type and
applied the same methods at all sites.
2.4. Data Analysis
The normality of the residuals and the homoscedasticity of our data allowed us to run Welch’s
t-tests to compare mean differences in bird diversity and abundance at the land-sharing and land-sparing
sites. Data analyses were performed using R version 3.5.2 [61] with the package ‘vegan’ [62] to calculate
the species accumulation curves for both land-use types and to calculate the Shannon diversity index
(H) for each sampling site. To assess the strength and the statistical significance of the relationship
between species abundance and land-use type, we used the R-package ‘indicspecies’ [63]. Evaluating
the occurrence of a small set of indicator species is akin to sampling the entire community, which was
particularly useful in long-term environmental monitoring for conservation. We used the ‘ggplot2′
R-package to generate graphs [64].
3. Results
3.1. Abundance
We recorded 541 individuals of 46 bird species across all land-use types. Land-sharing sites accounted
for 223 of these individuals, an average of 6.8± 4.2 (all results given as mean± SD, unless noted otherwise)
individuals per sampling site. We counted 318 individuals in the land-sparing sites, an average of
9.6 ± 5.4 individuals per sampling site. A Welch’s t-test confirmed that mean bird abundance at land-
sparing sites was significantly higher (p < 0.01) than that for the land-sharing sites (Figure 4).
3.2. Richness and Diversity
Sample-based rarefaction and extrapolation curves showed a higher bird species richness in
the land-sparing sites (39) than in the land-sharing locations (30) (Figure 4). The mean Shannon
diversity index value in land-sparing sites was 1.5 ± 0.5, a higher mean value than that recorded at the
land-sharing sites (1.2 ± 0.3) (Table 1).
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Table 1. Bird abundance, species richness and Shannon diversity (H) for all land-sparing and land-sharing
sampling sites (33 for each land-use type).
Land Sparing Land Sharing







1 14 3 0.9 10 4 1.4
2 7 4 1.3 3 2 1.1
3 10 5 1.5 4 3 1
4 7 4 1.3 3 3 1.1
5 2 2 0.7 5 2 0.7
6 21 10 2.1 8 4 1.3
7 4 3 1 17 7 1.8
8 3 2 0.6 7 4 1.3
9 8 5 1.5 4 4 1.3
10 14 7 1.8 2 2 0.7
11 8 5 1.5 16 5 1.4
12 13 7 1.7 8 3 0.9
13 5 4 1.3 8 4 1.2
14 5 2 0.5 10 3 0.8
15 10 7 1.9 17 6 1.7
16 13 9 2.1 5 4 1.3
17 12 6 1.7 5 3 1.1
18 7 5 1.5 4 4 1.4
19 14 7 1.9 10 4 1.3
20 14 8 1.9 7 5 1.5
21 9 6 1.7 8 3 1
22 10 5 1.6 8 3 1.1
23 15 10 2.2 7 3 1.1
24 21 10 2.1 8 4 1.3
25 20 11 2.3 6 4 1.3
26 4 3 1 4 4 1.4
27 6 4 1.3 5 3 1
28 6 5 1.6 3 3 1.1
29 7 5 1.5 3 3 1.1
30 6 4 1.3 4 4 1.4
31 7 6 1.7 5 5 1.6
32 12 7 1.9 4 4 1.4
33 3 3 1.1 6 5 1.6
Average ± SD 9.6 ± 5.4 5.6 ± 2.5 1.52 ± 0.45 6.8 ± 4.2 3.7 ± 1.2 1.23 ± 0.27
Land-sharing sites had a total species richness of 30, with 3.7 ± 1.2 species per observation site, whereas land-sparing
sites had a total richness of 39, with 5.6 ± 2.5 species per observation site, significantly higher (p < 0.01) than in
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3.3. Indicator Species
The Little Spider-Hunter (Arachnothera longirostra), Rufous Woodpecker (Micropternus brachyurus)
and White-Rumped Shama (Copsychus malabaricus) were significantly (p < 0.01) associated with
land-sparing areas (Table 2), as was the Ashy Bulbul (Hemixos flavala) (p < 0.05). We found no particular
bird species significantly associated with land-sharing areas (p > 0.05).
Table 2. Mean abundance (± standard deviation) of selected indicator bird species in the land-sparing
and land-sharing sites. We present all species that had a significant difference in abundance between
the land-use types as well as potential indicator species that did not differ significantly (p > 0.05).








longirostra 15 ± 5.8 4 ± 2.7 0.007
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4. Discussion
We live in a critical situation at the global level where habitat loss due to human activities is
profoundly altering the balance between ecosystem services, health and economy (e.g., COVID-19) [65].
This study comparing land-sparing with land-sharing land uses provides a platform to discuss forest
land-use priorities, i.e., to increase food production or conserve local biodiversity. Bangladesh, the most
densely populated developing country, is an ideal study area because of its rapidly growing population
and high biologic diversity [23]. This study, which is the first to compare biodiversity in land-sharing
and land-sparing practices in Bangladesh, shows that land sparing is associated with a higher bird
abundance, species richness and diversity than land sharing. We also identified bird species that were
associated with land-sparing sites.
The practice of land sharing, as a widely accepted land-use system, has been practiced in Bangladesh
since 1979 [66] and has been widely used in recent years to improve food production. Although land-sharing
systems permit keeping up with the growth in regional food demand, we also found that this form of
land use has a lower bird abundance, species richness and species diversity relative to land-sparing
systems. Studies in Ghana, India [13] Brazil [20], Uganda [19], Romania and Moldova [67] also found
greater bird diversity in land-sparing sites. Land sharing involves extensive farming to maximize crop
yields without concerning biodiversity and is associated with drastic reductions in habitat diversity
due to monoculture [68]. Monospecific and intensive plantations (e.g., lemon, banana, tea, ginger,
pineapple, turmeric and orange) are characterized by homogeneity and a simplification of forest structure,
thereby causing a marked decrease in habitat availability and bird diversity. Because habitat destruction
and fragmentation are the main causes of biodiversity loss [69,70], it is very likely that these factors
are also major causes of the decrease in bird diversity and richness in the West Bhanugach Reserved
Forest. Intensive farming involves the heavy use of pesticides [68]; the resulting lack of food sources for
insectivorous birds is also an important factor in explaining bird declines [71]. Land sharing also involves
frequent human disturbances that can affect bird reproduction, complicate communication and increase
the vulnerability of birds to predation [72]. A combination of these factors is likely causing the lower
number of detected species in the land-sharing sites.
Some species, such as the black-crowned night heron (Nycticorax nycticorax) and Black Kite (Milvus
migrans), were only found in the land-sharing sites. Their presence can be explained by their respective
diets; Black-Crowned Night Herons feed on fish, insects, and crustaceans [73], whereas black kites
feed on birds, small mammals, insects, and they can sometimes act as scavengers [74]. The Purple
Sunbird (Cinnyris asiaticus) and Black Drongo (Dicrurus macrocercus) had a much higher abundance
in the land-sharing sites. Regardless, the low absolute abundance of these species did not permit to
significantly associate them with the bird community of land-sharing areas. A study of the larger home
range of the birds and the microhabitats used by specific indicator bird species would help explain this
lack of association of the observed birds with land-sharing sites.
The land-sparing practice can ensure biodiversity conservation and food production by minimizing
the adverse effects of agriculture on bird communities [12]. Our results show that land-sparing sites have
a higher bird diversity, richness and abundance, confirming our hypothesis. Land sparing provides a
higher diversity of habitats and a higher abundance of food resources for birds than land sharing [75,76].
We observed a greater diversity of trees in land-sparing sites than land-sharing sites. Land-sparing
sites offer a wider range of resources for the various bird species: seeds and fruits and habitats for
potential bird prey items, including macroinvertebrates (e.g., insects, worms, mollusks) and vertebrates
(e.g., amphibians and small reptiles). This diversity can favor the higher diversity and richness of bird
communities within land-sparing areas.
Of the 39 bird species found in land-sparing sites, three (Arachnothera longirostra, Micropternus
brachyurus, Copsychus malabaricus) were strongly associated with land-sparing. The little spider-hunter
is a pollinator species, which feeds on nectar [77] and is most commonly found in old-growth forests,
such as the West Bhanugach Reserved Forest [78,79]. These forest ecosystems also have a high level of
heterogeneity and stability, contrary to the land-sharing forests. The little spider-hunter requires flowers
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with nectar to feed; these plants are not available in many land-sharing areas, which are characterized by
plant species lacking accessible nectar (e.g., Ananas comosus, Eucalyptus robusta). The rufous woodpecker
was also identified as an indicator species of land-sparing areas, and this species is commonly found
in secondary forests [80,81]. This woodpecker feeds on insects; insects are likely more abundant in
land-sparing than land-sharing areas because of pesticide use in the latter. Finally, the strong association
of the white-rumped shama with land sparing can be explained by a habitat preference for dense
undergrowth [82]. In the land-sharing sites of West Bhanugach, the understory is cleared to increase
agricultural production, whereas undisturbed land-sparing forest ecosystems develop a very dense
undergrowth, which contains a diverse collection of herbs, shrubs and climbing plants. The countrywide
forest logging ban since 1970 in Bangladesh boosted forest conservation [83] and, therefore, possibly
contributed to preserving this highly sensitive species. This study advocates for the protection of the
forest, which contributes greatly to the conservation of regional biodiversity. However, this study
did not consider species habitat or information related to the vegetation (e.g., species height, volume,
composition and complexity). Further study could reveal information on habitat or land use preference
of certain indicator species.
Bangladesh is one of the most vulnerable countries to the effects of climate change and sea-level
rise [84]. The country has recently experienced a 26% decrease in overall agricultural production
because of climate change and sea-level rise [23]; as a country having an agriculture-based economy,
this change is a serious threat to overall food security. Land-use policies in Bangladesh will be crucial
in balancing food production and biodiversity conservation. Crop productivity must be improved to
ensure food security; however, one major challenge for improving crop productivity is the poor land
management system in Bangladesh [85].
5. Conclusions
Existing land-use practices are major drivers of biodiversity loss. Globally, land sharing has become
popular because it ensures a high level of food production. Although it is often called a wildlife-friendly
farming system, numerous studies show that it can negatively affect biodiversity. Protected areas in a
land-sparing system, however, provide more adequate environments for preserving bird communities.
Our study found a higher bird species richness, diversity and abundance in land-sparing sites than
land-sharing sites. In Bangladesh, forests are converted into farmland because of increased food
demand. Despite the positive effect on human livelihood and even some environmental aspects (e.g.,
carbon storage), this loss of forest negatively affects biodiversity through the loss and fragmentation
of suitable habitats, direct human disturbances, the use of chemical fertilizers and pesticides and
lower amounts of understory vegetation in these land-sharing systems. We identified three bird
species (Arachnothera longirostra, Micropternus brachyurus, Copsychus malabaricus) that were significantly
associated with bird communities of land-sparing areas. Thus, these species can be used as potential
ecological indicators to evaluate the effect of land-use type and land-use change on biodiversity.
We conclude that land sparing is a promising practice to adopt in the West Bhanugach Reserved
Forest to preserve an abundant, rich and diverse bird community and preserve ecologically sensitive
species that require land sparing to survive.
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